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学位論文概要（Dissertation Summary） 
International Ocean Discovery Program - Hole U1473A that was drilled on the summit of Atlantis Bank, 
Southwest Indian Ridge during Expedition 360 brought back an excellent opportunity to study more about the lower 
oceanic crust at the ultra-slow spreading ridges. Core samples recovered from the hole are mainly gabbroic rock with 
composition ranging from olivine gabbro, oxide- and oxide bearing- (olivine-) gabbro and gabbronorite. 
Felsic veins are minor in abundance (1.5vol% of the entire drilled core) but they appear pervasively in Hole 
U1473A. The veins often occur as light-colored planar or branched networks with various thicknesses in the gabbroic 
rocks. The vein morphology, observed myrmekitic textures, abundances some phases (zircon, apatite and Fe-Ti 
oxides) and the elevated estimated temperature from quartz in most of the veins argue for their late magmatic origin. 
On the other hand, the high concentrations of trace elements including REEs of mineral assemblage in the veins 
strongly support for crystallization at various magmatic stages. The felsic rocks in this study have very high values 
of nonbridging oxygens per tetrahedrally coordinated cations (NBO/T) due to the abundances of apatite, Fe-Ti oxides. 
Oxide gabbros often show disequilibrium textures between Fe-Ti oxides and silicate minerals. Clinopyroxenes in 
some oxide gabbros have high Mg# (70-90) but extremely rich in REEs which are comparable to those of the brown 
amphiboles in the felsic veins. These characteristics of felsic rocks and some oxide gabbros could not be explained 
by simple fractional crystallization.  
The trace and REE patterns of the basaltic melt reconstructed from clinopyroxene compositions were compared 
with perfect crystallization model. The results show a large gap with respect to intermediate compositions. On the 
other hand, the melt HFSE-REE patterns in equilibrium with the brown amphibole in oxide gabbros show unusual 
Eu and HSFE (Zr, Hf, Ti) behaviors, and are in contrast with those in the felsic veins. These observations suggest a 
possibility of another differentiation mechanism of the parental MORB melt in addition to fractional crystallization 
is required. The comparison among possible mechanisms (i.e., hydrous partial melting, Reactive Porous Flow, 
fractional crystallization, and liquid immiscibility) occurring at the late stage evolution of the parental MORB points 
to liquid immiscibility hypothesis for the formation of both felsic rocks and oxide gabbros in hole U1473A.  
To expand our knowledge of the lower crustal section at ultra-slow spreading oceanic crust, modes of interactions 
between SiO2-rich melts forming felsic veins and the host gabbros are examined in detail. The felsic rocks can be 
classified into three categories based on geochemical, mineralogical characteristics and relationship with their host 
gabbros: (1) felsic rocks with sharp boundaries, (2) replacive felsic rocks, and (3) felsic rocks with diffuse boundaries. 
Felsic rocks with sharp boundaries crystallized from evolved SiO2-rich melts in relatively large spaces (i.e., fracturing 
systems) when the gabbros were already cooled, and minimal interaction with the host rock. Replacive felsic rocks 
were formed by pseudomorphic replacement of minerals from the host gabbros, in which dissolution-precipitation is 
dominated mechanism. Felsic rocks with diffuse boundaries were produced by the penetration of the earliest stage 
SiO2-rich melts into “hot” gabbro framework during cooling. The other melt in the spectrum, Fe-Ti rich melt did 
react intensely with the primitive gabbro cumulates, forming oxide gabbros. The additions of apatite, Fe-Ti oxides 
are resulted from the immiscible oxide-rich melts those were closely related to the formation of felsic veins.  
